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在 0.2 C 电流密度下首周放电容量高达 1534.1 mAh/g，循环 100 周后仍能保持



















材料（DC-OH）。红外光谱和 XPS 测试表明 DC-OH 上存在羟基等官能团。用化
学沉积的方法进行硫的负载，合成 DC-OH/S 复合材料，热重测试表明材料的载
硫量高达 90.16%。DC-OH/S 复合正极在 0.2 C 电流密度下首周放电容量为 1388.1 
mAh/g，经过 100 周循环后还有 683.5 mAh/g 的放电容量；在 1 C 下也表现出优























Sulfur possesses a theoretical capacity of 1675 mAh/g, as well as advantages of 
natural abundance, non-toxic and low cost, when used as the cathode for 
lithium-sulfur(Li-S) batteries. The energy density of Li-S battery can reach up to 2600 
Wh/kg. However, the practical application of Li-S battery is hindered by several 
fundamental problems, such as the low electron conductivity of sulfur and its reduced 
products, the dissolution and diﬀusion of polysulﬁde intermediates, and the volume 
expansion of sulfur intermediates during  electrochemical cycling. These problems 
result in low utilization of sulfur and severe capacity fading. The introduction of 
carbon materials into Li-S batteries lights on the efficient utilization of sulfur by 
improving the conductivity of the composites and restraining the shuttle effect of 
polysulfides. Besides, biochar derived from biomass has advantages of low cost, 
renewable resources and so on. Aiming at the existing problems of Li-S battery, this 
work focuses on biochar/sulfur composite cathode materials with high capacity and 
good cycle performance. The main results are as follows: 
1. Five kinds of biomass including rice husk, miscanthus, fir, pomelo peel and 
sawdust were used as raw materials to prepare biochar by calcination and impurity 
removal with mixed acid. SEM and BET were carried out to characterize the structure 
and morphology. The biochar/sulfur composites were fabricated through heat 
treatment with the same sulfur content (about 50%). The electrochemical test results 
show that the biochar/sulfur composites derived from rice husk (DC/S) deliver a 
higher specific capacity and better cycle stability, mainly due to the high specific 
surface area of DC.  
2. To further improve the electrochemical performances of the DC/S, silica was 
used as template to preparing porous carbon material (HPDC). SEM and TEM results 
indicate the presence of porous structure with a pore diameter of about 5 nm. HPDC/S 















HPDC/S composites with 60% sulfur exhibits the best electrochemical performance, 
in which amorphous sulfur was uniformly dispersed in the carbon matrix. It is mainly 
attributed to the porous structure of carbon which could effectively suppress the 
dissolution of the polysulfides. 
3. Hydroxylated biochar of rice husk (DC-OH) was synthesized by hydrothermal 
treatment with sodium hydroxide solution. The results of FTIR and XPS demonstrate 
the existence of functional groups such as hydroxyl on the surface of DC-OH. 
DC-OH/S composites were prepared by means of chemical deposition with a sulfur 
content reaching up to 90.16%. A high initial discharge capacity of 1388.1 mAh/g was 
obtained at 0.2 C, and after 100 cycles a reversible capacity of 683.5 mAh/g was 
retained. Even at 1 C, 625.1 mAh/g was delivered after 100 cycles with coulombic 
efﬁciency of 100% during the charge-discharge processes, showing an excellent cycle 
stability. The improvement could be ascribed to immobilization effect of the 
functional groups. 
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图 1.1 锂离子电池工作原理[1] 























21 世纪的今天无疑对二次电池提出了更高的要求（能量密度> 300 Wh/kg），
然而锂离子电池基于“脱嵌”理论，其能量密度不可能有较大的提高，理论比容量
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